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We model the newly predicted high-Tc superconducting candidates constructed by corner-shared
trigonal bipyramidal complexes with an effective three-orbital tight-banding Hamiltonian and inves-
tigate the pairing symmetry of their superconducting states driven by electron-electron interactions.
Our combined weak and strong coupling based calculations consistently identify the chiral d + id
superconductivity as the leading pairing symmetry in a wide doping range with realistic interaction
parameters. This pairing state has nontrivial topological Chern-number and can host gapless chiral
edge modes, and the vortex cores under magnetic field can carry Majorana zero modes.
PACS numbers: 74.20.-z, 74.20.Rp, 74.25.Dw
I. INTRODUCTION
It has been long dream for the physics community to
understand the pairing mechanism of high-Tc supercon-
ductivity (SC). In the past three decades, the synthesized
superconductors families are the cuprates and the iron
pnictides. Based on the common electronic properties of
these two superconductors family [1], one of us proposed
two basic principles to unify the understanding for both
superconducting families [2], which can serve as guiding
rules to search for high-Tc superconductors. Firstly, the
correspondence principle [3, 4] requires that the short-
range magnetic exchange interactions and the Fermi sur-
faces (FSs) act collaboratively to achieve high-Tc SC and
determine pairing symmetries. This principle provides
an unified explanation for the origin of the d-wave and
the s-wave pairing symmetries in the cuprates and iron-
based superconductors respectively [2]. Secondly, the
selective magnetic pairing rule points out that the SC
is induced by the magnetic exchange couplings caused
by the superexchange mechanism through cation-anion-
cation chemical bonds, but not by the magnetic exchange
couplings from the direct exchange mechanism through
cations d-d chemical bonds . This rule explains why
the cuprates formed by cation-anion octahedral complex
with Cu+2 d9 filling configuration and the iron-pnictides
formed by tetrahedral complex with Fe+2 d6 filling con-
figuration are high-Tc superconductors, as the quasi-two-
dimensional electronic environments in these two struc-
tures are dominated by the d orbitals with the strongest
in-plane d-p hybridization near Fermi energy. Based on
the two principles, a third family of high-Tc supercon-
ductors is predicted in Ref. [5], which are formed by
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cation-anion trigonal bipyramidal complexes with a d7
filling configuration on the cation ions.
In the material database, YMnO3[6, 7] can be consid-
ered as the simplest prototype of this structure. However,
Mn3+ only hosts a d4 filling configuration. To achieve
the d7 filling configuration, we can theoretically consider
YNiO3 with the same structure as YMnO3. Here, Ni
3+
has a d7 filling configuration. The effective lattice struc-
ture of YNiO3 is shown in Fig. 1, where the O anions
around the Ni cation form the trigonal bipyramidal struc-
ture, the in-plane Ni cations and O anions form the two-
dimension honeycomb lattice, and the Ni cations them-
selves form a triangle lattice. Since its interlayer coupling
is weak comparing with the intralayer one, we can ignore
the third dimension, and regard YNiO3 as a monolayer
two-dimension material in the theoretical study. It’s ana-
lyzed in Ref. [5] that for the d7 filling configuration of Ni
atom in the trigonal bipyramidal complex, the low energy
degree of freedom near the Fermi level is dominated by
the dxy/x2−y2 orbitals, which hybridizes strongly with the
p orbitals of the in-plane oxygen atoms. Such structure
is consistent with the above introduced second principle,
and thus favors the formation of high-Tc SC.
In this paper, we calculate the superconducting pair-
ing symmetry of YNiO3 in both weak and strong cou-
pling limit. We first model the single layer of YNiO3
with a effective three-orbital tight-band (TB) Hamilto-
nian. Then we investigate its pairing symmetry based
on the Hubbard-Hund model of the system in the weak
coupling limit. Our calculation based on the random
phase approximation (RPA) identifies that, for the re-
alistic interaction parameters, the singlet d + id pairing
state driven by the antiferromagnetic (AFM) spin fluctu-
ations dominates over other pairing states and serves as
the leading pairing symmetry within a rather wide doping
range. Furthermore, we investigate the pairing symme-
try of the system based on the effective t−J model in the
strong coupling limit, which yields consistent result with
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FIG. 1. The effective lattice structure of the trigonal bipyra-
midal complex YNiO3. (a) The trigonal bipyramidal struc-
ture formed by the (brown) O anions around the (gray) Ni
cation. (b) The two-dimension honeycomb lattice formed by
the in-plane Ni cations and O anions. The Ni cations them-
selves form a triangle lattice.
that of RPA in the weak coupling limit. To investigate
the topological properties of such a d+ id pairing state,
we calculate the Chern number and the edge spectrum of
the system. As a result, we obtain a Chern number of 8,
and consequently there are 8 topological protected chiral
gapless Dirac modes on each edge. When Rashba spin-
orbit coupling (SOC) is included, the vortex cores under
magnetic field can carry Majorana zero modes, which can
be equipped with topological quantum computation.
The rest of this paper is organized as follows. In Sec.
II, we describe the effective three-orbital TB model for
YNiO3. In Sec. III, we study the superconducting pair-
ing symmetry of the system in the weak coupling limit,
and provide the phase-diagram of the system in differ-
ent parameter spaces. In Sec. IV, we reinvestigate the
problem in the strong coupling limit. In Sec. V, we cal-
culate the topological invariant and the edge spectrum.
Finally, in Sec. VI, a conclusion will be reached with
some discussions.
II. THE TB MODEL
In the lattice structure of YNiO3 as shown in Fig. 1,
the dxz and dyz orbitals of the Ni cations have the lowest
energy and are only weakly coupled to O anions [5]. Thus
we can assume them to be fully occupied, and model
the system with the following effective three-orbital TB
Hamiltonian:
h(k) =
 h11 h12 h13h22 h23
h33
 . (1)
Here the orbital indices 1, 2, and 3 denote dz2 , dxy, and
dx2−y2 orbitals, respectively, and the unshown matrix el-
ements can be obtained from the shown ones by the Her-
micity of h(k).
Introducing x =
√
3
2 kxa0, y =
1
2kya0, where the a0 is
the lattice constant, we can write the matrix elements of
h(k) as follows:
h11 =1 + 2s
11(cos 2y + 2 cosx cos y),
h12 =2
√
3s122 sinx sin y + 2is
12
1 (sin 2y + cosx sin y)
h21 =h
∗
12
h13 =2s
12
2 (cos 2y − cosx cos y)− 2i
√
3s121 sinx cos y
h31 =h
∗
13
h22 =2 + 2s
22
11 cos 2y + (s
22
11 + 3s
22
22) cosx cos y
h23 =
√
3(s2211 − s2222) sinx sin y
+ 2is2212(sin 2y − 2 cosx sin y)
h32 =h
∗
23
h33 =2 + 2s
22
22 cos 2y + (3s
22
11 + s
22
22) cosx cos y (2)
The hopping parameters in the above matrix elements
obtained by least-square-root fitting of the above TB
model to the DFT band structure are listed in Table I.
TABLE I. The hopping parameters (in unit of eV) in the
three-orbital TB model. The on-site energies are 1 =
4.186455eV, 2 = 2.765428eV.
s11 s121 s
12
2 s
22
11 s
22
22 s
22
12
-0.1639 0.2063 0.0678 0.3147 0.1091 0.0388
The band structure of the above TB model is shown in
Fig. 2(a). The chemical potential is µc = 2.99eV, which
leads to a band filling of 3 electrons per unit cell. The two
bands crossing the Fermi level are marked as α and β in
Fig. 2(a), and the FS sheets are marked correspondingly
in Fig. 2(b). The orbital character of band α is Ni-dxy
and -dx2−y2 , and the orbital character of band β is dz2
as shown in Fig. 2(a). The density of states (DOS) of
the system is shown in Fig. 2(c).
III. WEAK COUPLING LIMIT: RPA
APPROACH
In the weak coupling limit, we adopt the following
Hamiltonian in our RPA calculations:
H = Htb +Hint
Hint = U
∑
iµ
niµ↑niµ↓ + V
∑
i,µ<ν
niµniν + JH
∑
i,µ<ν[∑
σσ′
c+iµσc
+
iνσ′ciµσ′ciνσ + (c
+
iµ↑c
+
iµ↓ciν↓ciν↑ + h.c.)
]
.
(3)
Here, the U , V , and JH terms denote the intra-orbital,
inter-orbital Hubbard repulsion and the Hund’s rule cou-
pling as well as the pair hopping. The spacial rotation
symmetry requires U = V + 2JH . Here we let U and
JH/U to be tuning parameters and study the parameter
dependence of the results.
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FIG. 2. (a) The effective band structure of the undoped
YNiO3 along the high-symmetric lines. The red parts of the
bands denote those with the Ni-dz2 orbital character; the blue
parts of the bands denote those with Ni-dxy and -dx2−y2 or-
bital characters. The α and β mark the two bands crossing
the Fermi level. (b) The FS sheets of the undoped system
corresponding to the bands α and β. (c) The DOS of the
undoped system.
According to the standard multi-orbital RPA approach
[8–17], we first define the following bare susceptibility for
the non-interacting case (U = V = JH = 0):
χ
(0)pq
st (k, τ) ≡
1
N
∑
k1k2
〈
Tτ c
†
p(k1, τ)cq(k1 + k, τ)
×c†s(k2 + k, 0)ct(k2, 0)
〉
0
, (4)
Here 〈· · · 〉0 denotes the thermal average for the noninter-
acting system, Tτ denotes the time-ordered product, and
p, q, s, t = 1, 2, 3 are the orbital indices. Fourier trans-
formed to the imaginary frequency space, the bare sus-
ceptibility can be expressed by the following explicit for-
mulism:
χ
(0)pq
st (k, iωn) =
1
N
∑
k′αβ
ξαt (k
′)ξα∗p (k
′)ξβq (k
′ + k)
× ξβ∗s (k′ + k)
f(εβk′+k − µc)− f(εαk′ − µc)
iωn + εαk′ − εβk′+k
, (5)
where α, β = 1, 2, 3 are band indices, εαk and ξ
α
l (k)
are the α-th eigenvalue and eigenvector of the h(k) ma-
trix, respectively, and f is the Fermi-Dirac distribution
function. In Fig. 3, we show the k-dependence of the
largest eigenvalue of zero temperature susceptibility ma-
trix χ
(0)pp
ss (k, iωn = 0) along the high symmetry lines
in the Brillouin Zone. Clearly, the largest eigenvalue
peaks around the K-points and far away from the Γ-point,
which implies that the dominating spin correlation of the
system is AFM and will mediate singlet pairing. This
susceptibility peak originates from the good FS nesting
between opposite edges of the nearly hexagonal FS, as
show in Fig.2(b).
FIG. 3. The k-space distribution along the high-symmetric
lines of the largest eigenvalue of zero temperature suscepti-
bility matrix χ
(0)
pq (k) ≡ χ(0)ppqq (k, iωn = 0) for the undoped
system.
When the interactions in Eq. (3) are turned on, we can
further define the spin and charge susceptibilities. In the
RPA level, repulsive Hubbard interactions suppress the
charge susceptibility and enhance the spin susceptibility
[8–17]. Note that there is a critical interaction strength
Uc which depends on the ratio JH/U . For U=Uc, the
spin susceptibility diverges there, which invalidates the
RPA treatment and implies the formation of long-range
magnetic order. When the interaction strength U < Uc,
there can be short-ranged spin and charge fluctuations in
the system. Through exchanging these fluctuations be-
tween a Cooper pair, exotic superconducting states will
emerge in the system. If we consider the scattering of a
Cooper pair from the state (k′,−k′) in the β-th band to
the state (k,−k) in the α-th band via exchanging spin or
charge fluctuations, we can obtain the effective interac-
tion vertex V αβ(k,k′), and the corresponding linearized
gap equation near the superconducting critical tempera-
ture Tc [12, 13]:
− 1
(2pi)2
∑
β
∮
FS
d2k′‖
V αβ(k,k′)
vβF (k
′)
∆β(k
′) = λ∆α(k). (6)
Here the integration is along various FS patches labelled
by α or β, vβF (k
′) is the Fermi velocity, and k′‖ is the com-
ponent of k′ along the FS. Solving this gap equation as an
eigenvalue problem, one obtains each pairing eigenvalue
λ and the corresponding normalized eigenvector ∆α(k)
4as the relative pairing gap function. The leading pairing
symmetry is determined by the ∆α(k) corresponding to
the largest λ. The critical temperature Tc is determined
by λ through Tc = cutoff energy · e−1/λ, where the cutoff
energy scales with the low energy bandwidth.
Corresponding to the D3h point group of YNiO3, the
possible superconducting pairing symmetries include s-,
p-, d-, and f -wave ones. The eigenvector(s) ∆α(k) for
each eigenvalue λ obtained from gap equation (6) as the
basis function(s) forms an irreducible representation of
the D3h point group. While the s and f symmetries
each forms a 1D representation of the point group with
nondegenerate pairing eigenvalues, the (dx2−y2 , dxy) and
(px, py) symmetries each forms a 2D representation with
degenerate pairing eigenvalues. The gap function of the
dx2−y2 and dxy symmetries are symmetric and antisym-
metric about both the x and y axes respectively as shown
in Figs. 4(a) and 4(b). The gap function of the px(py)
symmetry is symmetric about the x(y) axis and antisym-
metric about the y(x) axis as shown in Fig. 4(c)(4(d)).
(c) (d)
(a) (b)
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ky
kx
ky
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ky
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ky
FIG. 4. The distribution of the relative gap function of (a)
dx2−y2 and (b) dxy symmetries at U = 1eV and JH = 0, as
well as those of (c) px and (d) py symmetries at U = 0.5eV
and JH = 0.5U for the undoped system.
The JH/U -dependence of the largest eigenvalues λ for
all pairing symmetries is shown in Figs. 5(a) and 5(b).
Clearly, when U = 0.5eV, d- and p-wave symmetries
dominate for small and large values of JH/U , respec-
tively. When U = 1eV, d-wave symmetry dominates for
all values of JH/U with s-wave one as close candidate for
large values of JH/U . The U -dependence of the largest
eigenvalues λ for all pairing symmetries is shown in Figs.
5(c) and 5(d). Clearly, when JH/U = 0, d-wave symme-
try dominates for all values of U . When JH/U = 0.5,
p- and d-wave symmetries dominate for small and large
values of U , respectively, with s-wave one as close candi-
date for large values of U . Physically, the d-wave SC at
weak JH/U (< 0.35) is driven by the AFM spin fluctua-
tions revealed in Fig. 3, and the p-wave SC at strong
JH/U (> 0.35) is driven by the Hunds rule coupling
(similar Hund’s rule coupling driven on-site inter-orbital
odd-parity pairing was also proposed in other systems
[18, 19]). For realistic parameters for Fe, the d-wave
is the leading pairing symmetry. Among other pairing
channels, the dx2−y2 and dxy pairing gap functions shown
in Figs. 4(a) and 4(b) mostly satisfy the condition that
the gap functions connected by the nesting vectorQmust
have a sign change.
(a) U=0.5eV (b) U=1eV
(c) JH/U=0 (d) JH/U=0.5
JH/U JH/U
U (eV) U (eV)
λ λ
λ
λ
FIG. 5. The JH/U - and U -dependence of the largest eigen-
values λ for all pairing symmetries of the undoped system.
(a) U = 0.5eV, (b) U = 1eV, (c) JH/U = 0, (d) JH/U = 0.5.
Since the dx2−y2 and dxy pairing states are degener-
ate, they will mix to lower the energy below the criti-
cal temperature Tc. To determine this mixture, we set
∆αk = K1d
α
x2−y2(k)+(K2 + iK3)d
α
xy(k), where d
α
x2−y2(k)
and dαxy(k) denote the normalized gap functions of corre-
sponding symmetries, andK1, K2, andK3 are the mixing
coefficients. Our energy minimization gives K1 = ±K3
and K2 = 0, which leads to the fully-gapped dx2−y2±idxy
(abbreviated as d + id) SC. This mixture of the two d-
wave pairings satisfies the requirement that the gap nodes
should avoid the FS to lower the energy. Physically, the
singlet d+id pairing is mediated by the strong AFM spin
fluctuations revealed by Fig. 3. Similarly, one can ver-
ify that the degenerate px and py pairing states will also
mix into the fully-gapped px± ipy (abbreviated as p+ ip)
pairing state to lower the energy below Tc.
The ground state phase diagram in U −JH/U plane is
shown in Fig. 6, where three possible phases are present.
For U > Uc, which is around 1 ∼ 1.2eV and is JH/U -
dependent, the SDW order emerges. For U < Uc, the d+
id and p+ ip pairings states emerge, which are separated
by a U -dependent critical value of JH/U . For JH/U
below or above this critical value, the d+id or p+ip wave
pairing is the leading pairing symmetry, respectively. In
5the limit of U → 0, this critical value of JH/U tends to
1/3. with the enhancement of U , this critical value tends
to 0.5 around U = 0.75eV.
FIG. 6. The ground state phase diagram of the undoped
system in U − JH/U plane.
To investigate the robustness of the d+id pairing state
against the doping, we further study the pairing symme-
try of the system at different doping levels. Defining the
doping level x = ne− 3, where ne is the electron number
per site in our model, we show the ground state phase
diagram of the system in x− U plane for realistic JH/U
in Fig. 7. Clearly, the d + id pairing state serves as
the ground state of the system across the doping range
x = −0.3 ∼ 0.3 when U is smaller than Uc or a critical U
separating the d + id pairing state and the s-wave pair-
ing state which emerges for large x and U . Noting that
such a doping range is almost wide enough to cover the
experimentally accessible doping levels, we can conclude
that the d+ id SC is robust against doping.
d+id SC d+id SC
s-wave SC
s-wave SCSDW SDW
U
 (e
V
)
x x
(a) JH/U=0.1 (b) JH/U=0.2
FIG. 7. The ground state phase diagrams in x− U plane for
realistic values of JH/U , where x denotes the doping level.
(a) JH/U = 0.1 and (b) JH/U = 0.2.
IV. STRONG COUPLING LIMIT: MEAN FIELD
APPROACH
In the strong-coupling limit, we consider superex-
change type of interactions. From DFT calculations on
YNiO3 [5], in our three-orbital model, the dominant
hopping parameter is the nearest-neighbor (NN) hop-
ping, which provides us the following exchange interac-
tion term:
HJ =J
∑
〈ij〉µν
Siµ · Sjν , (7)
with J > 0, representing AFM superexchange inter-
action suggested by DFT calculations. Here µ, ν ∈
{dz2 , dxy, dx2−y2}, 〈ij〉 denotes NN bond along the three
directions (e1, e2, e3) in our two-dimension model, and
Sµi =
1
2
∑
σσ′ c
†
iµσσσσ′ciµσ′ is the local spin operator for
the µ-th orbital. Adding this interaction term into our
TB model, we obtain an effective t− J model:
H = Htb +HJ , (8)
For the purpose of determining the pairing symmetry,
we shall omit the no-double-occupance constraint for sim-
plicity and perform a mean-field analysis on the model.
Due to the AFM superexchange interactions, the inter-
action Hamiltonian can be mean-field decoupled in the
singlet channel as,
HJ =
√
2
 ∑
〈ij〉µν
∆iµjνP
†
iµjν +H.c.
+ 8J
3
∑
〈ij〉µν
|∆iµjν |2 .
(9)
Here P †iµjν =
1√
2
(c†iµ↑c
†
jν↓ − c†iµ↓c†jν↑) is the spin-singlet
pairing operator and ∆iµjν =
−3J
4
√
2
〈Piµjν〉 is the pairing
order parameters.
Together with the tight-binding part, the total mean-
field Hamiltonian in the momentum space is
Hmf =
∑
k
Ψ†(k)H(k)Ψ(k) +
8J
3
∑
〈ij〉µν
|∆ijµν |2 , (10)
with
H(k) =
(
h(k)− µcI ∆(k)
∆†(k) −h∗(−k) + µcI
)
,
∆(k) =
∆11(k) ∆12(k) ∆13(k)∆21(k) ∆22(k) ∆23(k)
∆31(k) ∆32(k) ∆33(k)
 , (11)
where Ψ†(k) = [c†k1↑, c
†
k2↑, c
†
k3↑, c−k1↓, c−k2↓, c−k3↓] and
∆µν(k) =
∑
l=1,3[∆iµ,i+elνe
ik·el + ∆iν,i+elµe
−ik·el ].
Note that a constant
∑
kµ[hµµ(k) − µc] has been ne-
glected here since it has no contribution to the dynam-
ics. The above mean-field Hamiltonian can be solved
via diagonalizing H(k) by a unitary transformation:
U†(k)H(k)U(k) = Diag(En(k)), with the eigenvalues
En(k) = −En+3(k) > 0 (n = 1, 2, 3). The self-consistent
gap equations are
∆iµ,i+elν =
−3J
8N
∑
kn
f(En(k))
[
e−ik·elU∗ν+3,n(k)Uµ,n(k)
+ eik·elU∗µ+3,n(k)Uν,n(k)
]
, (12)
6where f(En(k)) is the Fermi-Dirac distribution function,
and here we only consider the case of zero temperature.
Solving these gap equations, we get the 27 complex gap
amplitudes ∆iµ,i+elν (µ/ν/l = 1, 2, 3). Our mean-field
(b)
kx
ky
1
0.5
-1
-0.5
0
1
0.5
-1
-0.5
0kx
ky(a)
FIG. 8. The distribution of the (a) real and (b) imaginary
parts of the gap function over the FSs at J = 0.2eV for the
undoped system.
calculations for the above self-consistent gap equations
always yield doubly-degenerate solutions within the wide
doping range x = −0.3 ∼ 0.3 for realistic superexchange
parameter J . Further investigation into the two doubly-
degenerate solutions suggests that time-reversal symme-
try is broken in both states, and the two degenerate states
are time-reversal related. In order not to be disturbed by
the too many (totally 27) gap amplitudes and enhance
the visibility about the pairing gap symmetry, we project
the gap function onto the FS within the intra-band pair-
ing approximation via
∑
µν
c†kµ↑c
†
−kν↓∆µν(k)
→
∑
µνα
c†kα↑c
†
−kα↓ξ
α∗
µ (k)ξ
α∗
ν (−k)∆µν(k)
≡
∑
α
c†kα↑c
†
−kα↓∆˜
α(k). (13)
Figure 8 shows the distribution of the relative (nor-
malized) gap function on the FSs for one of the doubly-
degenerate solutions of the self-consistent gap equation
(12) for a typical superexchange interaction parameter
J = 0.2eV in the undoped system. The real and imag-
inary part of the complex gap function are shown in
Fig. 8(a) and 8(b), respectively. Clearly, the pairing
symmetry shown here in Fig. 8 is consistent with the
pairing symmetry shown in Fig. 4(a) and 4(b), which
is dx2−y2 + idxy. The other solution has the same real
part and the same but one minus sign different imagi-
nary part as that shown in Fig. 4(a) and 4(b), which is
dx2−y2−idxy. Therefore, both weak-coupling and strong-
coupling calculations consistently yield the d+ id as the
leading pairing symmetry for a wide doping range and
realistic interaction parameters.
V. TOPOLOGICAL SC
It’s known that the d+id chiral SC can be topologically
nontrivial [20]. To investigate the topological properties
of the d+id SC proposed here, we calculate the following
topological invariant Chern number [21, 22]:
C1 =
∫
BZ
d2k
∑
mn
[f(Em(k))− f(En(k))]
× u
†
m(k)∂kxH(k)un(k)u
†
n(k)∂kyH(k)u
†
m(k)
[Em(k)− En(k)]2
,
(14)
where En(k) and un(k) are the eigenvalues and eigen-
states of H(k), respectively. We calculated the Chern
number of the system within the doping range x =
−0.3 ∼ 0.3, and obtained a constant value 8. The Chern
number 8 obtained here is the consequence of the three
combined factors, i.e., two electron pockets, two spin
species, and angular momentum 2 for the pairing, with
2× 2× 2 = 8.
The topological property of the system can also be
manifested by its edge spectrum. Here we adopt peri-
odic boundary condition along one direction (defined as
x), and open boundary condition along the other direc-
tion, which is 120o rotated from x. Using the 27 complex
gap parameters ∆iµ,i+elν (µ/ν/l = 1, 2, 3) obtained from
the mean-field solution, we write the mean-field BdG
Hamiltonian in the real space with such an open-periodic
boundary condition, and show its energy spectrum in Fig.
9(a). Figure. 9(a) seems to illustrate four branches of
chiral gapless Dirac modes on each edge. However, each
branch is doubly degenerate due to the spin degeneracy.
Such spin degeneracy can be lifted up by a small
Rashba SOC added in the formulism of
HR = iλR
∑
<ij>
c†i (σ × dij)zcj , (15)
where the coupling constant λR = 5meV, the vector dij
points from j to i, and c†i = (c
†
i↑, c
†
i↓). Such an extra SOC
term does not change the Chern-number, but it induces
spin splitting in the edge spectrum, as shown in Fig. 9(b).
Consequently, there are eight branches of chiral gapless
modes on each edge.
Therefore, the d + id SC obtained here in YNiO3 is
chiral topological SC with a high Chern-number 8, which
hosts 8 gapless chiral modes on each edge. These chiral
modes are topologically protected and are robust against
perturbations. If we place the superconducting system in
an external magnetic field between its lower and upper
critical field, the Zeeman coupling with the magnetic field
could change the Chern-number to odd integers and en-
able the vortex core to host a single Majorana zero mode
at kx = 0, when the field strength is properly tuned. Such
vortex core can be used to equip topological quantum
computation. To verify this point, we add the following
7Zeeman term into the Hamiltonian,
Hz = Vz
∑
i,µ
(
c†iµ↑ciµ↑ − c†iµ↓ciµ↓
)
. (16)
For our parameters chosen as λR = 30meV, µc = 2.755eV
and Vz = 35meV, the Chern-number calculated by
Eq.(14) yield 1. As a result, in the edge spectrum shown
in Fig.9(c), one verifies a zero energy cross at kx = 0,
which is identified as the Majorana zero mode. Note that
there also exist several occasional crosses in the spectrum,
which however is not topologically protected.
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FIG. 9. The edge spectra of the d+ id chiral superconducting
states for (a) λR = 0, Vz = 0, µ = 3.0eV, (b) λR = 5meV,
Vz = 0, µ = 3.0eV, (c) λR = 30meV, Vz = 35meV, µ =
2.755eV.
VI. CONCLUSION AND DISCUSSION
In conclusion, we have studied the pairing symmetry
of the newly predicted system that can host high-Tc su-
perconductivity. Starting from its effective three-orbital
TB model, the system consistently yields d + id chiral
SC as the leading pairing symmetry within wide doping
range for realistic interaction parameters in our combined
weak and strong coupling methods. This superconduct-
ing state breaks the time-reversal symmetry and is topo-
logically nontrivial with a high Chern number 8 . With a
weak Rashba SOC in the system, the vortex cores under
magnetic field can carry Majorana zero mode, which can
be used to equip quantum computation.
For realistic material, the undoped system might be
AFM Mott-insulator, instead of superconductor. The
reason is that for the three active orbitals near the Fermi
level, the band filling of three electrons per unit cell just
makes the half-filling case. In the strong coupling limit at
half-filling, the no-double-occupance constraint omitted
here would drive the system into AFM Mott-insulator.
However, when extra electrons or holes are doped into
the system via atomic substitution, the d+ id chiral SC
would be realized in real materials with high supercon-
ducting critical temperature. Such high-Tc topological
SC would be intriguing and of fundamental importance.
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